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Abstract
The Fixed Relaying technique is presented as the most mature cooperative technique. This technique aims at increasing the network
coverage and/or capacity. In addition, this technique brings economic beneﬁts to the Mobile Network Operators (MNOs). The aim
of this paper is to develop a Fixed Relay Station (FRS) deployment algorithm, taking into account the number of used FRSs
and considering a multi-cell environment. The goal of the algorithm is to ﬁnd a FRS deployment pattern for each cell, taking
into account the FRSs positions in each cell of the cluster, minimizing the FRS-FRS inter- and intra-cell interference. Using the
algorithm implementation, this paper investigates the number of FRSs which should be used in each cell. The achieved results
suggest that the ideal number of used FRS per cell is 12. In this case, the algorithm increased 32% and 82% the User Equipment
(UE) throughput and its Signal-to-Interference plus Noise (SINR) at the cell edge, respectively.
c© 2014 The Authors. Published by Elsevier Ltd.
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1. Introduction
In order to exploit the Multiple-Input-Multiple-Output (MIMO) beneﬁts in lesser complex systems, the cooperation
in the wireless systems has also begun to emerge. The aim of CooperativeMIMO (CO-MIMO) [1] is to create aMIMO
scenario without requiring multiple antennas at each receiver or transmitter. Hence, the terminals which are unable
to have multiple antennas, can exploit the analogous beneﬁts of a MIMO system. In [2], some issues related to this
technique, advantages and new challenges in CO-MIMO channel modelling are presented.
As in [2], there are three schemes for CO-MIMO cellular systems: Coordinated Multipoint Transmission (CoMP),
Fixed-Relay and Mobile-Relay. Inside cooperative communications, the Fixed-Relaying [3] has emerged as the most
mature CO-MIMO technology. The Relaying technique can be aimed to increase the coverage area [4], improve the
networks’ capacity [5] and the Quality of Service (QoS) [6]. This technique is very appealing because it will enable
to receive data from both the evolved NodeB (eNB) and the FRS, exploiting spatial diversity. In addition, the network
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costs savings range from 80% to 85% [7]. On the other hand, since the FRS usage may create interference problems,
the FRS position plays a major role in its performance.
The aim of this paper is to develop a FRS deployment algorithm. The goal of this algorithm is to ﬁnd a FRS
deployment pattern for each cell, taking into account the FRSs positions in each cell of the cluster, minimizing the
FRS-FRS inter- and intra-cell interference. Using the algorithm implementation, this paper investigates the number
of FRSs which should be used in the cells, considering the same number of FRSs per cell.
The paper is organized as follows. Section 2 presents the Proposed Algorithm, followed by the System Character-
ization, described in Section 3. In Section 4, the Performance Results and Analysis are presented. Some conclusions
are drawn in the ﬁnal Section.
2. The Proposed Algorithm
In Fig. 1 are showed two diﬀerent FRS positioning approaches. On one hand, in Fig. 1a) it was considered the
same pattern for all cells. On the other hand, in Fig. 1b) it is present a positioning strategy which is empirically the
best one.
(a) FRS positioning without optimiza-
tion.
(b) FRS positioning with optimization.
Fig. 1: Positioning approaches.
As shown in Fig. 1, 6 FRSs were deployed in each cell with the same distance between each of them. If we use the
same pattern in the 3 cells (see Fig. 1a)), the interference level at the cell edge will be high, since the FRSs positions
will be approximately the same. Therefore, the network design planning should consider both the cell where the FRSs
will be deployed and the neighbour cells. Thus, even though the equidistance between FRSs from the same cell should
be guaranteed, the deployment patterns should be correlated and characterized by a diﬀerent rotation value, in order
to maximize the minimum distance between FRSs from adjacent cells. This approach is presented in Fig. 1b).
The aim of the proposed algorithm is to determine an ideal positioning for the FRS deployment in a multi-cell
environment. In this algorithm, we consider that an ideal positioning is the one that guarantees the following require-
ments:
1. The FRS beloging to same cluster should be equidistant from each other;
2. The minimum distance between FRSs from diﬀerent cells should be maximized;
3. At the cell edge, the FRSs should be uniformly distributed in order to maximize the distance between themselves.
These requirements aim to minimize two types of interference related to the FRS deployment: the requirement 1)
aims to minimize the intra-cellular interference; the requirements 2) and 3) have the goal to minimize the inter-cellular
interference. The developed algorithm supports the existence of cells with diﬀerent number of deployed FRSs, and it
considers 3 adjacent cells. In addition, the algorithm assumes that the FRS are deployed at the cell edge [8].
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The ﬂowchart of the proposed algorithm is depicted in Fig. 2; the rounded rectangles indicate the start or end
stages of the algorithm; the diamonds symbolize decisions conditioned by questions, where the “Y” and “N” outputs
correspond to positive and negative answers, respectively; and the hexagons represent special situations that will be
explained later, depicted in Fig. 3, 4 and 5.
Rx represents the vector which contain the FRSs positions in the cell number x. Assuming that each cell has 3
deployed FRS, these vectors can be written as,
⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩
R1 =
[
R11 (x, y) , R12 (x, y) , R13 (x, y)
]
R2 =
[
R21 (x, y) , R22 (x, y) , R23 (x, y)
]
R3 =
[
R31 (x, y) , R32 (x, y) , R33 (x, y)
]
(1)
, where Rab(x, y) represents the position of the bth FRS in the ath cell, located in the (x, y) Cartesian coordinates.
The euclidean(Rx, Ry) function returns the euclidean distance between the deployed FRSs in the cells x and y,
dx,y = euclidean(Rx, Ry) =
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
(
Rx1, Ry1
) (
Rx2, Ry1
) (
Rx3, Ry1
)
(
Rx1, Ry2
) (
Rx2, Ry2
) (
Rx3, Ry2
)
(
Rx1, Ry3
) (
Rx2, Ry3
) (
Rx3, Ry3
)
⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
(2)
The variable min12 represents the maximum of the minimum distance between R1 and R2. Similarly, min13 and
min23 represent the maximum of the minimum distance between R1 and R3, and R2 and R3, respectively. Combining
these variables we have that,
⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩
min12 = max{min (d12 (:, 1)) , min (d12 (:, 2)) , min (d12 (:, 3))}
min13 = max{min (d13 (:, 1)) , min (d13 (:, 2)) , min (d13 (:, 3))}
min23 = max{min (d23 (:, 1)) , min (d23 (:, 2)) , min (d23 (:, 3))}
(3)
The ﬁrst step of the algorithm is to position the FRSs in the cells number 1 and 2, taking into account the require-
ment 1). This step is illustrated in Fig. 3 , where i represents the index of the FRS.
After the ﬁrst FRS deployment, the remaining FRSs are sequentially positioned separated by sep positions. It is
important to note that each position represents 1 pixel at the cell edge. While the FRSs are not equidistant between
themselves, the sep value is incremented by inc positions. When the sep value guarantees the equidistance between
the FRSs, the process ﬁnishes. It is important to note that the inc value can be deﬁned by the user. This parameter
controls the simulation process time and the degree of precision used in the simulation.
Next, the matrix d12 is calculated considering the initial positioning of the FRSs deployed in the cell number 1
and 2. Following, the initial location of the FRSs in the cell number 1 are incremented in order to apply a clockwise
rotation of inc positions. When the position of the ﬁrst FRS in the cell number 1 (R11) is equal to the one of the
second FRS of the same cell (R12), the rotation will be applied to the FRSs in the cell number 2. In each positions
combination, the matrix d12 and the min12 value are determined. Thus, it is possible to ﬁnd the ideal FRSs positions
in these cells in order to achieve a maximum distance between them. This process is presented in Fig. 4.
After the FRSs positions in cells number 1 and 2 are determined, the algorithm starts the process to ﬁnd the best
positioning pattern for the FRSs in the cell number 3. For this purpose, the algorithm uses an identical procedure
to the one applied in cells number 1 and 2. The ﬁrst step is to deploy the FRSs in the cell, taking into account the
requirement 1). Next, the matrices d13 and d23, and the min13 and min23 will be determined. It should be important to
notice that the distance between the FRSs from the cell number 3 and cells number 1 and 2 should be diﬀerent.
Fig. 6 shows the algorithm performance in a scenario with three cells, two of them with 10 FRSs and another one
with 15 FRSs. The circles at the centre of the cell represent the eNB, and the circles at the cell edge symbolize the
deployed FRS. In the step 1 (see Figure 6a)), the FRS clusters of cells number 1 and 2 are deployed considering the
same pattern. As can be seen in Fig. 6b), in the step 2 the positions are such that the distance between each FRS cluster
is the maximum one. Following, in Fig. 6c) and 6d) are illustrated the steps of FRS deployment and optimization in
the cell number 3. From Fig. 6d), it is possible to see that the positioning in the intersection area between the cell
number 2 (represented by blue) and the cell number 3 (represented by green) is not the most suitable. Hence, the ﬁnal
step of the algorithm is to optimize the FRSs distribution at the cell edge, since the requirement 1) may give rise to an
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Fig. 2: Proposed algorithm ﬂowchart.
Deploy R(i)
R(i+1) = R(i) + sep
Equidistant?
sep = sep + inc
N
Y
i = 1
i = size(RS) -1 ?
Y
N
Fig. 3: FRS deployment ﬂowchart.
R(i) = R(i) + sep
Equidistant? sep = sep + incN
Y
Fig. 4: FRS position rotation ﬂowchart.
Pos2 = Last FRS position at 
the cell edge
Sep = euclidean(po1,pos2)/
#FRS located at the cell edge
Pos1 = First FRS position at 
the cell edge
Deploy FRS at the cell edge 
separated by “Sep” positions
Fig. 5: FRS positioning at the cell edge ﬂowchart.
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incorrect positioning in this area, as is exempliﬁed in Fig. 6d). This optimization step ﬂowchart is presented in Fig. 5.
Finally, in Fig. 6e) we can observe the ﬁnal position for each FRS cluster, with the mentioned cell edge issue solved.
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(a) Deploying FRS clusters in the
cells number 1 and 2.
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(b) Optimizing the FRSs positioning
in the cells number 1 and 2.
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(c) Deploying FRS cluster in the cell
number 3
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(d) Optimizing the FRSs positioning
in the cell number 3.
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(e) Optimizing the FRSs positioning at
the cell edges.
Fig. 6: Proposed algorithm steps.
3. System Characterization
This paper investigates the FRS cluster best positioning in a multi-cell environment, in order to maximize net-
works’ performance. To this purpose, a Long Term Evolution (LTE) network was created. The simulation scenario is
characterized by 3 cells, each one associated to a given eNB with a radius of 750 m.
For the proposed scenario, a 10 MHz bandwidth in the 2.6 GHz spectrum was considered. The simulation is based
on snapshots. The eNB and the FRSs are positioned in the centre of the cell and at the cell edge in the determined best
positions, respectively. The UE moves on all cell positions, in order to quantify the network performance in several
areas. For each deployed UE position, the SINR value was calculated according to [9]. In addition, the pathloss of
the eNB-UE, eNB-FRS and FRS-UE links was determined based on WINNER channel model implementation [10].
Furthermore, it is important to note that the SINR value was calculated for a cell without any FRS and for a cell with
repetition and/or regenerated nodes. Therefore, the UE SINR value is given by,
S INRUE(x, y) = max
{
S INReNB (x, y) , S INRFRS (i) |i=1:R (x, y)} (4)
,where R is the number of FRSs used in the network and x and y represent the relative position in the cell. S INReNB(x, y)
and S INRFRS (x, y) are the UE SINR values when the UE is served by the eNB or by an FRS, respectively.
Finally, the UE throughput (expressed in Mbps), TH, is given by,
TH =
Nb
Ns f × Ts f × 10
−6 (5)
,where Nb is the number of transmitted bits, Ts f is the LTE sub-frame duration in seconds (10−3) and Ns f is the sum
of the transmitted sub-frames in the link(s), including the retransmitted sub-frames. Therefore, Ns f can be deﬁned as,
Ns f = NeNB−FRSs f + N
eNB−FRS
Rs f + N
FRS−UE
s f + N
FRS−UE
Rs f (6)
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,with NeNB−FRSs f and N
FRS−UE
s f the number of transmitted sub-frames in the eNB-FRS and FRS-UE links, respectively,
and NeNB−FRSRs f and N
FRS−UE
Rs f represent the sum of the retransmitted sub-frames in the eNB-FRS and FRS-UE links,
respectively. In order to simulate the network performance, a Link Level Simulator [11] was used. In its original
version, this tool only supports the eNB-UE link. Thus, with the purpose of evaluating the FRS usage beneﬁts, an
extended work has been set and a new FRS module has been implemented.
Ultimately, it is important to note that a Type 1, Inband half-duplex, Selective Decode and Forward (SDF) FRS
was considered. The links eNB-FRS and FRS-UE was simulated considering a MIMO scheme of 4 × 2 and 2 × 2,
respectively, using the Transmit Diversity (TD) mode. A transmission power of 40 W and 1 W was considered, for
the eNB and FRS, respectively.
4. Performance Results and Analysis
This section seeks to address the number of FRSs which should be used in order to improve the network’s per-
formance, utilizing the developed algorithm. In the simulations, it was considered that the number of used FRSs is
equal in the three cells. It is important to underline that a Region Of Interest (ROI) was deﬁned, with the purpose to
focus the analysis only at the cell edge enhancement performance. Hence, the ROI is delimited by the intersection
area between cells number 1 and 2, 1 and 3 and 2 and 3.
Fig. 7 shows the distance between FRSs belonging the same cluster (red curve) as a function of the number of
used FRS. Additionally, the minimum distance between FRSs from diﬀerent clusters, with and without the algorithm
implementation, is represented by green and blue curves, respectively. The number of used FRS ranges from 5 to 60
with a step equal to 5.
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Fig. 7: Intra- and inter-site FRS distance.
As expected, the greater the number of used FRSs, the lower the distance between FRSs of the same cluster.
Analysing Fig. 7, it is also possible to conclude that the distance between FRSs from the same cluster has sharply
declined for a small number of used FRSs. Likewise, the greater the number of used FRSs in each cell, the lower
the distance between FRSs from diﬀerent clusters. Comparing the curves which concern to the FRSs distance from
diﬀerent cells, the graph shows that with the algorithm adoption the distance between FRSs from diﬀerent cells will
be considerable increased, independently of the number of used FRSs, when compared with the same metric when no
optimization process is used.
Additionally, the results show that the FRSs inter-site distance with the algorithm usage does not have oscillations,
which does not happen when the same pattern is used in the three cells. Finally, we can easily conclude that the greater
the number of used FRSs, the lower the associated algorithm gains. On one hand, when 5 FRSs per cell deployment
was considered, the inter-site distance increased from 200 m to approximately 500 m. On the other hand, when 60
FRSs per cell were assumed, this distance increased only approximately 10 m.
Fig. 8 shows the average of the UE SINR and the UE throughput in the mentioned ROI. For comparison purposes,
the UE SINR and the UE throughput considering a scenario without any deployed FRS are also illustrated.
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Fig. 8: Proposed algorithm implementation in a LTE scenario.
From Fig. 8a) it is possible to conclude that the ideal number of used FRS is 12. In this case, the algorithm
implementation on the network will increase the UE SINR from approximately 2.75 dB to 5.10 dB, which corresponds
to an increase on the throughput at the cell edge of 32%.
As easily observed in both Figures, a deployed FRS number higher than 25 with the same pattern does not have
associated gains. On the other hand, if the algorithm is used in this case, the FRSs deployment will improve the
network’s performance at the cell edge. In that case, the algorithm usage represents an increase of approximately 25%
in the UE throughput.
Considering the algorithm application and the throughput as the main criteria, a number higher than 36 FRSs per
cell should not be used, since the throughput at the cell edge will be lower when compared with a scenario without
any deployed FRS. This occurs because the interference caused between the FRSs clusters increases as the number of
the used FRSs also increases. As represented in Fig. 7, considering a deployment of 35 FRSs in each cell, the distance
between each FRS cluster is about 75 m, resulting in a weakening of the signal quality. It is important to notice that,
if the same pattern is assumed in the three cells, the FRS location will be quite close.
Furthermore, it is fundamental to note that even the scenario with lower number of deployed FRSs achieves better
results when compared with the scenario without FRSs usage.
Finally, it should be highlighted that, in some cases, the ﬁnal step of the algorithm (optimizing the FRSs positioning
at the cell edge) does not have considerable associated gains. This is because when the deployed FRSs number is
lower, the number of FRSs located at intersection area is not suﬃcient to make an uniform positioning. On the other
hand, when a high number of FRSs is used, the distance between them is considerably shortened and, therefore, there
is no space to achieve a noticeable optimization.
In order to test the algorithm performance in a diﬀerent scenario, Fig. 9 shows the algorithm usage in a scenario
where the FRSs have a transmit power of 2 W. We observe that the UE throughput value is higher in the 2 W solution
than the 1 W scenario, when the number of used FRSs is lower than 30. On the other hand, when the number of used
FRSs is higher than 30 the interference between the FRSs clusters increases and the solution of FRSs with a transmit
power equals to 1 W becomes the best option. Taken together, these ﬁnding suggest that the 2 W with the presented
optimization is the best choice for a small FRSs cluster size and the 1 W solution should be used for a large FRS
cluster size. However, no signiﬁcant diﬀerence was detected.
5. Conclusions
To achieve the performance targets, the new releases of LTE include new techniques and technologies, such as the
Fixed Relaying technique. In this paper, an algorithm to deploy FRS was presented. This algorithm aims to minimize
the inter- and intra-cell interference that the FRS clusters deployed may provoke. Additionally, the ideal number of
FRSs which should be used in a LTE network was investigated recurring to the developed algorithm.
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Fig. 9: UE SINR and UE throughput for FRS transmit power of 1 W and 2 W.
According to the achieved results, the ideal number of deployed FRS is 12 per cell. In this case, the throughput at
the cell edge increased 32%. In addition, simulation results suggest that if the same pattern was considered in each
cell, a number higher than 25 FRS should never be used, since the UE throughput will be lower when compared to a
scenario without any deployed FRS. On the other hand, if the proposed algorithm is used, the FRS number should be
lower than 36. Regarding to scenario with FRSs clusters with diﬀerent transmission power, the ﬁndings of this study
suggest that the 2 W solution with the presented optimization is the best choice for a small FRS cluster size and the 1
W solution should be used for a large FRS cluster size.
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